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Abstract 
This paper provides the perceptions of the energy and buildings sectors, municipalities and researchers in Sweden 
about active buildings that provide smart grid services to their inhabitants. As part of this study, we conducted 23 
semi-structured interviews with key stakeholders to present the perspectives of stakeholders that are involved in the 
development process. Our study shows that there are several barriers to development of active buildings and points 
out the importance of energy policy mechanisms to support the development. It is necessary to introduce new 
measures in order to financially encourage the stakeholders and motivate the end-users to invest in smart grid 
technologies. The elimination of the intersectoral barriers and the promotion of cooperation amongst stakeholders 
could pave the way for a more efficient and smarter grid. 
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1. Introduction 
The increasing impacts of greenhouse gas emissions on the environment created the need to develop a 
more efficient and flexible energy system that could accommodate large amounts of renewable power 
generation, also known as the smart grid. Upgrading current electricity networks to smart grids would be 
incomplete without the inclusion of buildings, which could play a key role by enabling demand response, 
distributed power generation, electricity storage and trading activities [1][2].  
In smart grids, buildings could become active elements that produce and use energy in a smarter way 
and take part in the operation of the electricity network. It is perceived that a new concept needs to be 
introduced in order to define such buildings that offer their occupants the opportunity to have an active 
approach regarding their energy production and use. The active building concepts discussed by [3][4] 
mainly consider active buildings as passive buildings that generate electricity and/or heat with the help of 
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renewable energy technologies while [5] focuses on the increased end-user interaction with the grid.  
There are a number of studies in the literature that discuss end-users’perceptions on smart grids [6,7], 
but there are not many studies that presentthe perspectives ofseveral key stakeholders. This paper aims to 
present the views of different stakeholders regarding smart grid related developments in buildings and to 
understand their expectations, perceived limitations and ideas for the introduction of “active buildings” in 
the Swedish building stock. 
2. Methodology 
The methodology used in this study combines a literature review and semi-structured interviews. The 
authors interviewed 23 professionals in the energy and building sectors, municipalities and research 
institutes between November 2012 and June 2013. The distribution of the interviewees by sector is as 
follows: 9 from the energy sector; 7 from the building sector; 3 from municipalities; and 4 from research 
institutes. The semi-structured interview method was usedin this study to provide the interviewees with 
the opportunity to further discuss their ideas. 
3. Results 
In order to capture the respondents’ perception of the active building concept the interviewees were 
asked to list features that come to their mind when hearing the words ‘active building’. The interviewees 
were allowed to choose multiple features from a provided list. More than half of (52%) interviewees 
associated active buildings mainly with local electricity production, followed by flexible electricity 
consumption (39%), response to price signals (26%), and smart buildings (26%).  
The interviewees were provided with several expected features of smart grids in buildings and were asked 
to rate them based on their importance on a scale from 1 (not important) to 5 (important). The results (see 
Fig.1a) show that the interviewees think that “user response to prices” (4.14) is the most important feature 
of the active building, followed by “visualisation of energy use” (4.08), “smart electronic appliances” 
(3.98) and “on-site generation” (3.93). 
The interviewees were asked who they think should undertake the investments for smart grid 
technologies in buildings. As presented in Fig. 1b, more than half of interviewees (56%) see “building 
owners” as the actor to invest in smart grid infrastructure in buildings, followed by “energy companies” 
(17%), “third parties” (14%), and “technology suppliers” (4%). 
Fig.1. (a) The answers by the interviewees to the question “Could you please grade following smart grid services in buildings based 
on their importance?”. The interviewees were provided a 5 point Likert scale where 1 corresponds to “unimportant” and 5 
corresponds to “important”. (b) The answers by the interviewees to the question “Who do you think should invest in the active 
building infrastructure?” expressed as the share of interviewees who selected a certain actor. 
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The interview results suggest that there could be several barriers to development of smart grid services 
in buildings. As presented in Figure 2, more than 8 out of 10 interviewees mentioned “high costs” (83%) 
as one of the barriers to the development, followed by “low incentives” (48%), “undeveloped technology” 
(32%), “lack of business models” (17%), and “lack of cooperation” (9%). 
Fig. 2. The answers by the interviewees to the question “What are the factors that stall the development of active buildings?”. The 
interviewees were allowed to make multiple selections; therefore, the results are presented as the share of the interviewees who 
mentioned a certain factor. 
4. Discussions 
The ‘active building’ is a new concept even for those who work in the energy and building sectors. 
The study shows that a significant share of the interviewees associates local electricity production with 
active buildings. Although important, it is also fundamental that future buildings participate in demand-
response in order to balance the increasing amounts of intermittent power generation in the electricity 
grid. In contrary to the concepts that focus on the amount of power exchange between the building and 
the grid, the active building focuses primarily on trading right amount of energy in the right time. 
Fluctuations in the energy demand is not desirable due to high peaking generation costs and associated 
emissions. Users that live in active buildings could respond to price and emission signals and support 
energy companies to balance peaking demand, for which they could be awarded financial benefits and/or 
reduced environmental impacts. The interviewees consider user response to prices as a fairly important 
feature of active buildings, which has ranked higher than user response to environmental emissions. Both 
factors could be used to increase awareness amongst end-users regarding the impacts of energy use in 
peak periods. End-users could be assisted by the visualisation of energy use and decision support tools to 
control their energy activities manually, or use more automatized solutions, such as home automation and 
smart electronic appliances. According to the interview results, several interviewees think that manual 
solutions that depend on the increased control of the end users are more important than automatized 
solutions. In fact, a number of interviewees discussed the drawbacks of home automation and its impacts 
on the daily lives of the tenants. 
Our study shows that a strong majority of the participants consider high costs as a barrier to the 
development of active buildings. Several interviewees believe that the standardisation of the active 
building technology is a requirement to reach lower costs and highlights the monopolisation of the 
technologies as a barrier to the development. In addition to high investment costs, the incentives for 
Swedish end-users to change their energy activities are pronounced to be low due to insignificant 
incentives. Electricity prices are lower in Sweden than several European countries; which, combined with 
the high income, could make electricity expenses too low for an average Swede to invest money and/or 
time for. Moreover, there is no concrete mechanism to financially incentivise the overproduction of 
electricity by end-users, which has negative impacts on the development of small scale production. In 
addition to these, questions regarding the actor to invest in the active building infrastructure and the 
ownership of the systems remain unanswered. Our study shows that more than half of the interviewees 
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believe that it should be the building owners that make the investments. Given the fact the perspectives of 
end-users are not included in this study, it is unknown if this would be a popular option amongst those 
who own the buildings. There could be business cases where the customers are provided systems by an 
actor, who shares the benefits in return of the investments. There is a clear demand for new regulations 
that encourage the development and use of active buildings, supported by innovative business models that 
benefit end-users, consumers and third-party-suppliers. Finally, increasing cooperation amongst actors in 
all sectors is crucial for a strong and successful development. 
5. Conclusions 
This paper presents the perspectives of the building and energy sectors, researchers and municipalities 
in Sweden regarding smart grid services in buildings. The results show that significant efforts needed for 
a wide-scale development of active buildings that could give end-users the opportunity to become active 
players in the electricity market. The establishment of platforms for enhanced cooperation between 
sectors with a focus on mutual interests of the stakeholders would be an important step towards the 
decentralised future electricity system. 
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